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Abstract
Background Membranous nephropathy (MN) is the
leading cause of nephrotic syndrome in adults. Anti-M-
type phospholipase A2 receptor (anti-PLA2R) antibodies
are found in most patients with idiopathic MN (iMN)
worldwide, but the prevalence of anti-PLA2R antibodies
among Japanese patients with MN is unknown. In this
study, we determined the prevalence of anti-PLA2R anti-
bodies in Japanese patients with MN.
Methods The study population of our retrospective cross-
sectional consisted of 131 patients with biopsy-proven MN
who had not received any immunosuppressive treatments
at time of both renal biopsy and serum sample collection.
Of these, 100 had iMN and 31 had secondary MN (sMN).
The circulating anti-PLA2R antibodies were analyzed
using a highly sensitive Western blot analysis. Analysis
was performed under non-reducing conditions with a
human glomerular extract at serum dilutions of 1:25, 1:10,
and 1 as the primary antibody.
Results Anti-PLA2R antibodies were detected in 53
(53 %) of 100 patients with iMN and 0 (0 %) of 31 patients
with sMN. The prevalence of anti-PLA2R antibodies was
higher in patients with nephrotic syndrome (61 %) than in
patients without nephrotic syndrome (43 %). The number
of patients with serum albumin B3.0 g/dL was significantly
higher in those with anti-PLA2R antibodies (92 %) than
that in those without them (68 %).
Conclusions Anti-PLA2R antibodies were found in Jap-
anese patients with iMN; however, the prevalence was
lower than that of any other Asian country. This may
indicate that the presence of other pathogenic antigens
plays a significant role in Japanese patients with iMN.
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Introduction
Membranous nephropathy (MN) is a leading cause of
nephrotic syndrome in adults. It is classified as either idi-
opathic (iMN) or secondary (sMN) depending on its eti-
ology. Overall, 40 % of Japanese patients with nephrotic
syndrome and 33–50 % of patients with nephrotic syn-
drome in other countries either develop end-stage renal
disease within 20 years of onset. Mortality from MN is
high due to complications, such as infection, cardiovascu-
lar events, or malignancy [1–6]. The pathogenesis of iMN
was not understood until the landmark study by Beck et al.
in 2009, which demonstrated that the major target antigen
of autoantibodies in iMN is an M-type phospholipase A2
receptor (PLA2R) expressed on podocytes [7].
The anti-PLA2R antibody specifically and accurately
recognizes a 3-dimensional epitope supported by
intramolecular disulfide bonds in the PLA2R protein. N-
glycosylation of the PLA2R protein is not necessary for the
interaction between the anti-PLA2R antibody and the
PLA2R protein [7]. The major subclass of anti-PLA2R
antibody in serum samples from patients with iMN is
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immunoglobulin G4 (IgG4). Hofstra et al. [8] reported that
levels of circulating anti-PLA2R antibodies correlate
strongly with the level of proteinuria. Beck et al. [9]
reported that changes in the level of anti-PLA2R antibodies
are associated with the level of proteinuria and precede
corresponding changes in disease activity. From these
observations, it would be expected that the anti-PLA2R
antibody can be used as a biomarker in the differential
diagnosis of iMN, monitoring of disease activity, and
prediction of disease outcome. Moreover, Hoxha et al. [10]
reported that the level of expression of PLA2R on the cell
surface of podocytes of iMN patients with anti-PLA2R
antibodies was higher than in iMN patients without the
antibodies. Stanescu et al. [11] showed that polymorphisms
of the PLA2R and HLA-DQA1 alleles are associated with
the risk of developing iMN. They concluded that the HLA-
DQA1 allele on chromosome 6p21 is most closely asso-
ciated with iMN in people of white ancestry.
Beck et al. [7] also revealed that the anti-PLA2R anti-
body was found in 26 of 37 patients with iMN, but was not
found in patients with sMN, disease controls, or healthy
controls. Its prevalence in American patients with iMN was
70 %. The overall prevalence of anti-PLA2R antibodies in
iMN patients with nephrotic syndrome is reported to be
66–98 % [7, 8, 12–14]. The wide range may be attributable
to genetic and regional differences or to differences in the
detection methods employed. The prevalence of anti-
PLA2R antibodies in Japanese patients with MN has not
yet been determined. Western blot analysis with chemical
luminescence is the prevailing method for detecting anti-
PLA2R antibodies in serum, but there are some technical
problems with this method. In this study, we determined
the presence of anti-PLA2R antibodies in Japanese patients
with untreated MN using a highly sensitive method of
Western blot analysis we developed.
Materials and methods
Patients
A total of 106 patients with iMN and 35 patients with sMN
admitted to a hospital between 2005 and 2011 were
enrolled in this study. Patients were diagnosed with iMN or
sMN based on both a renal biopsy and screening for clin-
ical or laboratory signs of a cause for sMN. Six patients
with iMN and 4 patients with sMN were excluded from this
study because they were treated with immunosuppressive
therapy at the time of biopsy. Blood samples and timed
urine samples were collected from a total of 100 iMN
patients and 31 sMN patients for the measurement of serum
albumin, creatinine, total protein total cholesterol, IgG,
anti-PLA2R, and urinary protein. Patients with sMN
(n = 31) included 11 patients with immune-associated
disease, including Castleman’s disease (n = 1) and SLE
(n = 10); 6 patients with neoplasia, including lung cancer
(n = 4), urinary bladder cancer (n = 1), and other cancer
(n = 1); 6 patients whose disease was associated with the
use of the anti-rheumatoid drug bucillamine; 2 patients
with hepatitis B virus infection; and 6 patients with other
primary diseases. The study protocol was approved by the
ethics committees of our institution (#1135-14) and was
conducted in accordance with the ethical principles stated
by the Declaration of Helsinki.
Antigen
We used human glomerular extract (HGE) as a source of
native glomerular PLA2R for detection of circulating anti-
PLA2R antibodies in patient serum. A human kidney was
obtained from a patient with renal cancer who underwent
surgery at out institution. Glomeruli were collected from
healthy portions of the kidney using a series of graded
sieves, were rinsed with cooled phosphate buffer saline,
and were dissolved with RIPA buffer with proteinase
inhibitor cocktail (Roche). Insoluble debris was removed
by centrifugation. To eliminate contamination with donor
endogenous IgG, the HGE was treated with HiTrap Protein
G HP column (GE). The prepared HGE was quality
checked using Western blot to ensure there were no reac-
tive IgG against anti-human IgG murine antibody, and a
reactive PLA2R protein against both anti-human PLA2R
rabbit polyclonal antibody (Atlas antibodies, product
number: HPA012657) and a positive control serum con-
taining anti-PLA2R in HGE. All reagents were obtained
from Sigma Japan or Wako Pure Chemicals if not specified
otherwise.
Immune reaction in Western blot analysis
The HGE was heated with 4x LDS-sample buffer (Invit-
rogen) at 70 C for 10 min and then electrophoresed under
non-reducing conditions on the NuPAGE 4–12 % poly-
acrylamide Tris-Bis gel (Invitrogen) with MOPS SDS
running buffer (Invitrogen). The proteins were separated by
SDS-PAGE and transferred to a PVDF membrane. The
membrane was blocked with Blocking One (Nacalai tes-
que) at 25 C for 60 min. In the first immune reaction, all
patient serum samples were diluted with a diluent, which
was mixed with 80 % PBST (phosphate buffer sali-
ne:Tween 20 = 99.8:0.2) and 20 % of Blocking One, at a
dilution of 1:25 and reacted with the blocked membrane at
37 C for 60 min. For samples with negative results at a
dilution of 1:25, we retested all samples at a dilution of
1:10 or 1 and confirmed non-reactivity based on the neg-
ative results at the higher concentration of serum. In the
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second immune reaction, a horseradish peroxidase (HRP)
conjugated mouse monoclonal antibody against human IgG
Fc (Abcam, product number: ab99759) was diluted at a
dilution of 1:7500 and reacted with a membrane at 37 C
for 60 min.
Signal detection in Western blot analysis
To obtain a high sensitivity and resolution, we attempted to
pretest a signal detection method of the bound secondary
antibody. In the pretest, Western blot analysis was con-
ducted with HGE as antigen, serial diluted anti-PLA2R
human antibodies known to be the same concentration as
the first antibody, and the anti-human IgG Fc mouse
monoclonal antibody as the secondary antibody. The serial
diluted anti-PLA2R human antibodies were prepared from
attached reagents as standard anti-PLA2R human antibody
for concentration calibration in commercial ELISA kit
(Euroimmun AG). After reacting with the secondary anti-
body, we weighed the chromogenic method against the
chemical luminescence method. The bound secondary
antibody was detected by chemical luminescence with
ImmunoStar LD or chromogenic reaction with a 3, 30, 5, 50-
tetramethylbenzidine (TMB) as a substrate of HRP. Images
of reacted bands on the PVDF membrane were acquired by
a CCD imager (LAS4000, GE) in the Chemical lumines-
cence or digital camera (Canon) using the chromogenic
method. We defined that the serum sample was positive for
anti-PLA2R if a single reactive band appeared in the
position of native PLA2R protein (approximately 180 kDa)
on the PVDF membrane. The acquired figures were pre-
pared using Photoshop CS5 (Adobe systems). In this study,
all patient serum used to estimate the prevalence of anti-
PLA2R antibody was analyzed using the chromogenic
reaction method.
Statistical analysis
For data description, continuous variables with symmetric
distribution were presented as the mean ± SD, and non-
normally distributed variables were expressed as medians
(25–75 % interquartile range). T tests were used for nor-
mally distributed data, and the Mann–Whitney U rank test
was used for non-parametric data. The Dunn method was
a
b
c
Fig. 1 a The results of comparative investigation between chemical
luminescence and chromogenic reaction in Western blot analysis with
serial concentration of human anti-PLA2R antibody. The chemical
luminescence showed blurred reactive bands in all concentrations and
bleached bands with high background in high concentrations of anti-
PLA2R antibodies. The chromogenic reaction showed sharply defined
bands with low background in all range levels of anti-PLA2R
antibodies. b The chromogenic reaction visualized higher contrast
reactive band images compared to that of chemical luminescence in
Western blot analysis with HGE and serum from some of the patients
with iMN who were enrolled in this study. c The left image shows the
existence of native PLA2R protein in HGE demonstrated using
commercial anti-PLA2R rabbit polyclonal antibody. The right image
shows that the positive control serum reacted with native PLA2R
protein in HGE, whereas the negative control serum did not. Pt
patient, PC positive control, NC negative control
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performed for multiple comparisons in non-parametric
analysis. Categorical variables were described as number
and percentages, and the data were analyzed with v2 tests.
The differences were considered significant with a P value
\0.05. All statistical analyses were performed with JMP
version 11.0.0 (SAS Institute, USA) for Mac.
Results
Western blot analysis for the detection of anti-PLA2R
antibodies
Figure 1a shows blurred reactive bands with high-back-
ground on chemical luminescence at all levels of anti-
PLA2R antibodies and all exposure times. Bleached bands
appeared in the lane with a high concentration of anti-
PLA2R antibodies. The chromogenic reaction method
showed sharply defined bands with low-background in the
wide-range levels (2–1500 RU/mL) of anti-PLA2R anti-
body. According to an instruction manual of a commercial
anti-PLA2R antibody measurement kit from Euroimmun
AG, the 16 RU/mL of anti-PLA2R antibody corresponds to
the threshold value for a positive determination. Timmer-
mans et al. [15] suggested that 2 RU/mL should be the
recommended cutoff. Figure 1b shows the results of a
comparison test using serum from some of the patients with
iMN. In chemical luminescence, most were weak bands
covered by high-background signal. Therefore, we selected
the chromogenic reaction as the detection method for
secondary antibody in this study.
Figure 1c shows the reactive bands of a commercial
anti-PLA2R rabbit polyclonal antibody and positive and
negative control serum from patients with iMN in an
American cohort against PLA2R in HGE. We confirmed
the existence of native PLA2R in HGE based on the fact
that all reactive bands were represented at approximately
180 kDa on the PVDF membrane.
Prevalence of anti-PLA2R in Japanese patients
with membranous nephropathy
Table 1 shows the clinical characteristics of the patients
with iMN and sMN at the time of kidney biopsy. The mean
age was 67 in iMN patients and 61 in sMN patients. We
found that 53 % (53 of 100) of iMN patients were positive
for anti-PLA2R antibody whereas no patients with sMN (0
of 31) were positive (Fig. 2). The 53 anti-PLA2R antibody
positive serum samples from iMN patients consisted of 43,
3, and 7 anti-PLA2R positive serum samples that were
found at dilution levels of 1:25, 1:10 and, 1, respectively.
From these results, we concluded that 43 patients had a
high titer, 3 had a middle titer, and 7 had a low titer of anti-
PLA2R antibodies. Anti-PLA2R antibodies were positive
in 61 % (33 of 54) of the iMN patients with nephrotic
syndrome (UP C3.5 g/day and serum albumin B3.0 g/dL)
and in 43 % (20 of 46) of iMN without nephrotic
syndrome.
Relationship between patient characteristics
and the anti-PLA2R antibodies in patients with iMN
We examined the patient characteristics of iMN patients
negative for anti-PLA2R antibodies and positive for anti-
PLA2R antibodies (Table 2). The number of patients with
serum albumin B3.0 g/dL was significantly higher in iMN
patients with anti-PLA2R antibodies (92 %, 49 of 53) than
in anti-PLA2R antibody negative iMN patients (68 %, 32
of 47). Although no other significant differences were
observed in patients with and without anti-PLA2R anti-
bodies, anti-PLA2R antibody positive iMN patients had
higher urinary protein levels (p = 0.06) and a higher rate
of nephrotic syndrome (urinary protein C3.5 g/day and
serum albumin B3 g/dL, p = 0.08) and a lower serum total
Table 1 Characteristics of patients with idiopathic and secondary
membranous nephropathy
IMN
(n = 100)
SMN
(n = 31)
Male, n (%) 63 (63) 20 (65)
Age at diagnosis (years) 67 ± 9 61 ± 12
Urinary protein (g/day) 4.1 (2.6–6.4) 4.9 (1.8–6.6)
Urinary protein C3.5 g/day, n (%) 59 (59) 19 (61)
Serum albumin (g/dL) 2.4 ± 0.7 2.5 ± 0.9
Serum albumin B3 g/dL, n (%) 81 (81) 21 (68)
Both urinary protein C3.5 g/day and
serum albumin B3 g/dL, n (%)
54 (54) 17 (55)
Serum total protein (g/dL) 5.2 ± 0.8 5.8 ± 1.1
Serum creatinine (lM) 72.1
(61.9–88.4)
64.5
(54.8–84.0)
eGFR (ml/min/1.73 m2) 65.5
(54.3–77.8)
72.0
(58.0–97.0)
Serum IgG (mg/dL) 727
(563–1038)
1182
(767–1721)
Total cholesterol (mM) 7.6 (6.2–9.4) 6.1 (5.1–8.5)
Recognized underlying membranous nephropathy inducible disease
Immune-associated disease [n (%)] 0 (0) 11 (35.5)
Neoplasia [n (%)] 0 (0) 6 (19.4)
Drugs [n (%)] 0 (0) 6 (19.4)
Infections [n (%)] 0 (0) 2 (6.4)
Other [n (%)] 0 (0) 6 (19.4)
The data are expressed as the number (%), mean ± SD or median
(interquartile range)
iMN idiopathic membranous nephropathy, sMN secondary membra-
nous nephropathy, eGFR estimated glomerular filtration rate
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protein level (p = 0.06) than the anti-PLA2R antibody
negative iMN patients.
We then examined the relationship between the semi-
quantitative value of anti-PLA2R antibodies and patient
characteristics. The levels of urinary protein, serum albu-
min, and eGFR were not different among iMN patients
with negative, low, middle, and high titer levels (Fig. 3).
Discussion
The present study revealed that the prevalence of anti-
PLA2R antibodies is 53 % in Japanese patients with iMN.
Although it was not significantly different, the prevalence
of anti-PLA2R antibodies in iMN patients with nephrotic
syndrome (61 %) was higher than that of iMN patients
without nephrotic syndrome (61 % vs. 43 %, p = 0.08).
The prevalence was lower than that found (70 %) in the
original study by Beck et al. [7]. No patients with sMN
were positive for anti-PLA2R antibodies.
The prevalence of anti-PLA2R antibody positive iMN
patients from other countries is shown in Table 3. Previous
studies have shown that the levels of urinary protein are
significantly associated with the presence and titers of anti-
PLA2R antibodies. Thus, the comparison of prevalence
should be done among patients with nephrotic range
proteinuria. The prevalence of anti-PLA2R antibodies in
Chinese and Korean nephrotic patients was high, at 98 and
80 % [12, 13], respectively. In other cohorts, excluding one
from Germany [14], the prevalence was 78–85 % in iMN
patients with nephrotic range proteinuria (UP C3.5 g/day)
[7, 8, 12, 13]. In contrast, 61 % of Japanese patients were
positive for anti-PLA2R antibodies, even among iMN
patients with nephrotic syndrome. The prevalence of anti-
PLA2R antibodies in Japan was as low as that in the
German cohort (66 %) [14]. The cohort from Korea
showed a significant correlation between levels of urinary
protein and serum albumin and the existence of circulating
anti-PLA2R antibodies [12]. In our study, a low serum
albumin was significantly associated with PLA2R positiv-
ity. No definitive conclusion can be made from our cohort,
but the presence of anti-PLA2R antibodies may have
induced more severe disease.
Why is there a low prevalence of anti-PLA2R antibody
in Japanese patients with MN? There are several possible
reasons for the discrepancy. First, there can be a genetic
difference between people in Japan and other countries.
However, it may be difficult to explain the difference in
genetic background between Japanese, Korean, and Chi-
nese cohorts. Second, Japan has a special health check-up
system to detect low levels of proteinuria [16]. Japanese
iMN patients may be diagnosed earlier than patients in
a b
Fig. 2 The prevalence of
circulating anti-PLA2R
antibody in serum from
Japanese patients with
membranous nephropathy.
a The anti-PLA2R antibodies
are specifically detected in 53 %
of patients with iMN and no
patients with sMN. b The anti-
PLA2R antibodies were positive
in 61 % of the iMN patients
with nephrotic syndrome (UP
C3.5 g/day and serum albumin
B3.0 g/dL) and in 43 % of iMN
patients without nephrotic
syndrome. NS nephrotic
syndrome
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other countries; therefore, the anti-PLA2R antibody levels
might have been under the detection limit when they
underwent renal biopsy. Third, unknown environmental or
dietary factors may have affected the results. The factors
causing the differences need to be clarified in future
studies. Fourth, in Japanese iMN patients, other antigens
may also play a role in the development of iMN. Studying
Japanese patients with iMN may elucidate new pathogenic
antigens. Lastly, technical differences may exist between
countries. Although Western blot analysis with chemical
luminescence is the most common technique for the
detection of anti-PLA2R antibody, there are some prob-
lems with chemical luminescence for the detection of anti-
PLA2R antibody in serum. For example, the bands of anti-
PLA2R antibody were covered by high background signal
if serum of low dilution was used, so a high dilution was
necessary to prevent the high background. Bleached reac-
tive bands often occurred due to enzymatic over reaction.
The detection range of anti-PLA2R antibody concentration
per image is narrow. Therefore, it is difficult to detect a low
level of circulating anti-PLA2R antibody by chemical
luminescence. On the other hand, the original detection
method developed by us that employs an optimized chro-
mogenic reaction with TMB resulted in a high resolution
and low background without loss of sensitivity. In our
method, the serum samples can be used without dilution,
leading to a clear positive signal even in serum with a very
low level of anti-PLA2R antibodies. In addition, our
method is easy to use because it required only a digital
camera or scanner for acquiring reactive band images, and
a high-priced CCD imager is not needed. In the present
study, we found that 7 iMN patients, who were negative at
1:10 dilution, became positive when examined without
sample dilution. We also used the positive and negative
control serum from Dr. D. Salant’s laboratory and con-
firmed that our system gave the same results as those in the
original study. Therefore, it is unlikely that the low prev-
alence in our study is attributable to our detection system.
Western blot is considered the best method for qualita-
tive measurement of anti-PLA2R antibody, whereas a
quantitative method such as ELISA has considerable
Table 2 Comparison of the patient’s characteristics between anti-
PLA2R antibody positive and negative patients with idiopathic
membranous nephropathy
Anti-PLA2R antibody Negative
(n = 47)
Positive
(n = 53)
P value
Male, n (%) 31 (66) 32 (60) 0.56
Age at diagnosis (years) 68 ± 9 67 ± 9 0.48
Urinary protein (g/day) 3.7 (2.4–5.8) 4.6 (2.9–8.6) 0.06
Urinary protein
C3.5 g/day, n (%)
24 (51) 35 (66) 0.13
Serum albumin (g/dL) 2.5 ± 0.9 2.3 ± 0.5 0.21
Serum albumin
B3 g/dL, n (%)
32 (68) 49 (92) 0.02
Both urinary protein
C3.5 g/day and serum
albumin B3 g/dL, n (%)
21 (45) 33 (62) 0.08
Serum total protein (g/dL) 5.4 ± 0.9 5.1 ± 0.7 0.06
Serum creatinine (lM) 70.7
(61.0–91.9)
73.4
(61.9–86.2)
0.74
eGFR (ml/min/1.73 m2) 66.0
(50.0–78.0)
65.0
(56.0–76.5)
0.69
Serum IgG (mg/dL) 791
(594–1062)
668
(536–982)
0.33
Serum total cholesterol
(mM)
7.5 (6.1–9.9) 7.6 (6.4–9.2) 0.90
The data are expressed as the number (%), mean ± SD or median
(interquartile range). eGFR (mL/min/1.73 m2) = 194 9 Serum cre-
atinine (mg/dL)-1.094 9 Age-0.287 9 0.739 (if female)
Anti-PLA2R anti-phospholipase A2 receptor autoantibody, iMN idi-
opathic membranous nephropathy, eGFR estimated glomerular fil-
tration rate
a b c
Fig. 3 The relationship between the semi-quantitative values of anti-
PLA2R antibodies and patient characteristics. No significant differ-
ence was observed between the levels of anti-PLA2R antibodies (-,
negative; ?, low; ??, middle; ???, high) and urinary protein (a),
serum albumin (b), or eGFR (c)
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importance in the study of MN. Recently, several types of
immunoassay systems for measuring circulating anti-
PLA2R antibody have been developed, such as a com-
mercial cell-based immunofluorescence assay (CBA-IIFT,
Euroimmun AG), a commercial ELISA (Euroimmun AG),
and an addressable laser bead immunoassay (ALBIA).The
CBA-IIFT, like the Western blot, is used only for semi-
quantitative measurements, but the ELISA and the ALBIA
are quantitative assays. Behnert et al. reported that these
three different immunoassays showed similar efficacies in
the detection of anti-PLA2R antibodies in patients with
iMN [17]. We are currently trying to evaluate the perfor-
mance of CBA-IIFT and ELISA using serum from Japa-
nese patients with iMN, sMN, and other renal diseases.
Our study has several limitations. We performed the
Western blot analysis using HGE, not PLA2R protein, as
an antigen. It is possible that we detected other proteins
with similar molecular weight at around 180 kDa. If this is
the case, the real prevalence of anti-PLA2R antibody may
be even lower. We studied patients only in the Tokai area,
1 limited region of Japan, and our findings may not be
generalizable to iMN patients in other areas of Japan.
Future studies using recombinant PLA2R as an antigen and
enrolling patients in other regions of Japan will clarify
these problems.
In conclusion, we determined that the prevalence of
anti-PLA2R antibodies in Japanese patients with iMN is
approximately 50 %, which was similar to previous reports
from Germany but lower than reports from Asian countries
(China and Korea). This may indicate that the presence of
other pathogenic antigens plays a significant role in Japa-
nese patients with iMN. Anti-PLA2R antibodies were not
found in any patients with sMN.
Acknowledgments The authors would especially like to thank Drs.
David Salant and Laurence Beck, Jr. (Boston University School of
Medicine, Boston, USA) for providing the patient serum for positive
or negative controls and for their helpful discussion on several points
in the launching of our anti-PLA2R antibody research project. We
also thank the Cosmic Corporation (Japan) for providing a free trial
sample of the ELISA kit from Euroimmun AG. We acknowledge the
physicians, clinical research assistants, and patients of Nagoya Uni-
versity Hospital, Kainan Hospital, Japanese Red Cross Nagoya
Daiichi Hospital, Anjo Kosei Hospital, Ichinomiya Municipal Hos-
pital, Handa City Hospital, Ogaki City Hospital, Nagoya Kyoritsu
Hospital, Toyohashi Municipal Hospital, and Tsushima City Hospital
who contributed to this study. This study was supported in part by a
Grant-in-Aid for Progressive Renal Diseases Research, Research on
Rare and Intractable Disease, from the Ministry of Health, Labor and
Welfare of Japan, a Grant-in-Aid for KAKENHI (Grants-in-Aid for
Scientific Research) from JSPS, and Grants-in-Aid from Nagoya
University Hospital and Aichi Kidney foundation.
Conflict of interest The authors have declared no conflict of
interest exists.
Open Access This article is distributed under the terms of the
Creative Commons Attribution License which permits any use, dis-
tribution, and reproduction in any medium, provided the original
author(s) and the source are credited.
References
1. Kitajima S, Furuichi K, Sakai N, Sagara A, Shinozaki Y, Toyama
T, et al. Relapse and its remission in Japanese patients with idi-
opathic membranous nephropathy. Clin Exp Nephrol. 2014;.
doi:10.1007/s10157-014-0987-9.
2. Yokoyama H, Sugiyama H, Sato H, Taguchi T, Nagata M, Ma-
tsuo S, et al. Renal disease in the elderly and the very elderly
Japanese: analysis of the Japan Renal Biopsy Registry (J-RBR).
Clin Exp Nephrol. 2012;16(6):903–20. doi:10.1007/s10157-012-
0673-8.
3. Shiiki H, Saito T, Nishitani Y, Mitarai T, Yorioka N, Yoshimura
A, et al. Prognosis and risk factors for idiopathic membranous
nephropathy with nephrotic syndrome in Japan. Kidney Int.
2004;65(4):1400–7. doi:10.1111/j.1523-1755.2004.00518.x.
4. Ogi M, Yokoyama H, Tomosugi N, Hisada Y, Ohta S, Takaeda
M, et al. Risk factors for infection and immunoglobulin
replacement therapy in adult nephrotic syndrome. Am J Kidney
Dis. 1994;24(3):427–36.
5. Honkanen E, Tornroth T, Gronhagen-Riska C, Sankila R. Long-
term survival in idiopathic membranous glomerulonephritis: can
the course be clinically predicted? Clin Nephrol.
1994;41(3):127–34.
6. Kida H, Asamoto T, Yokoyama H, Tomosugi N, Hattori N. Long-
term prognosis of membranous nephropathy. Clin Nephrol.
1986;25(2):64–9.
Table 3 Comparison of the prevalence of anti-PLA2R autoantibody in patients with iMN among different countries
Country Method Antigen All patients Patients with proteinuria C3.5 g/day References
China WB rPLA2R 59/60 (98) 59/60 (98) Qin et al. [13]
The Netherlands WB rPLA2R 14/18 (78) 14/18 (78) Hofstra et al. [8]
Korea WB HGE 69/100 (69) 60/75 (80) Oh et al. [12]
USA WB HGE 26/37 (70) 17/20 (85) Beck et al. [7]
Germany IIFT rPLA2R 52/100 (52) 23/35 (66) Hoxha et al. [14]
Japan WB HGE 53/100 (53) 33/54 (61)a Present study
The data are expressed as the number of positive case/negative case (positive rate, %)
WB Western blot; IIFT indirect immunofluorescence test, rPLA2R, recombinant phospholipase A2 receptor, HGE human glomerular extract
a Both urinary protein C3.5 g/day and serum albumin B3 g/dl
Clin Exp Nephrol (2015) 19:653–660 659
123
7. Beck LH Jr, Bonegio RG, Lambeau G, Beck DM, Powell DW,
Cummins TD, et al. M-type phospholipase A2 receptor as target
antigen in idiopathic membranous nephropathy. N Engl J Med.
2009;361(1):11–21. doi:10.1056/NEJMoa0810457.
8. Hofstra JM, Beck LH Jr, Beck DM, Wetzels JF, Salant DJ. Anti-
phospholipase A2 receptor antibodies correlate with clinical
status in idiopathic membranous nephropathy. Clin J Am Soc
Nephrol. 2011;6(6):1286–91. doi:10.2215/CJN.07210810.
9. Beck LH Jr, Fervenza FC, Beck DM, Bonegio RG, Malik FA, Er-
ickson SB, et al. Rituximab-induced depletion of anti-PLA2R
autoantibodies predicts response in membranous nephropathy. J Am
Soc Nephrol. 2011;22(8):1543–50. doi:10.1681/ASN.2010111125.
10. Hoxha E, Kneissler U, Stege G, Zahner G, Thiele I, Panzer U,
et al. Enhanced expression of the M-type phospholipase A2
receptor in glomeruli correlates with serum receptor antibodies in
primary membranous nephropathy. Kidney Int. 2012;82(7):
797–804. doi:10.1038/ki.2012.209.
11. Stanescu HC, Arcos-Burgos M, Medlar A, Bockenhauer D, Ko-
ttgen A, Dragomirescu L, et al. Risk HLA-DQA1 and PLA(2)R1
alleles in idiopathic membranous nephropathy. N Engl J Med.
2011;364(7):616–26. doi:10.1056/NEJMoa1009742.
12. Oh YJ, Yang SH, Kim DK, Kang SW, Kim YS. Autoantibodies
against phospholipase A2 receptor in Korean patients with
membranous nephropathy. PLoS One. 2013;8(4):e62151. doi:10.
1371/journal.pone.0062151.
13. Qin W, Beck LH Jr, Zeng C, Chen Z, Li S, Zuo K, et al. Anti-
phospholipase A2 receptor antibody in membranous nephropathy.
J Am Soc Nephrol. 2011;22(6):1137–43. doi:10.1681/ASN.
2010090967.
14. Hoxha E, Harendza S, Zahner G, Panzer U, Steinmetz O, Fechner
K, et al. An immunofluorescence test for phospholipase-A(2)-
receptor antibodies and its clinical usefulness in patients with
membranous glomerulonephritis. Nephrol Dial Transplant.
2011;26(8):2526–32. doi:10.1093/ndt/gfr247.
15. Timmermans SA,Damoiseaux JG,Heerings-Rewinkel PT, Ayalon
R, Beck LH Jr, SchlumbergerW, et al. Evaluation of Anti-PLA2R1
as measured by a novel ELISA in patients with idiopathic mem-
branous nephropathy: a cohort study. Am J Clin Pathol.
2014;142(1):29–34. doi:10.1309/AJCP8QMOY5GLRSFP.
16. Imai E, Yamagata K, Iseki K, Iso H, Horio M, Mkino H, et al.
Kidney disease screening program in Japan: history, outcome,
and perspectives. Clin J Am Soc Nephrol. 2007;2(6):1360–6.
doi:10.2215/CJN.00980207.
17. Behnert A, Schiffer M, Muller-Deile J, Beck LH Jr, Mahler M,
Fritzler MJ. Antiphospholipase A2 receptor autoantibodies: a
comparison of three different immunoassays for the diagnosis of
idiopathic membranous nephropathy. J Immunol Res.
2014;2014:143274. doi:10.1155/2014/143274.
660 Clin Exp Nephrol (2015) 19:653–660
123
